CEUR-WS.org/Vol-2139/31-45.pdf

YK 004.42:510.69

JIOT'TKHA 3ATAJIBHUX HEAETEPMIHOBAHUX ITPEIUKATIB:
CEMAHTHUYHI ACIIEKTHA

M.C. Hiximuenxo, O.C. Ilxinouax, C.C. Hlxinonax

JlocmizkeHO CEeMaHTHYHI AacHeKTH HOBOTO KJIacy IIPOrPaMHO-OPICHTOBAHUX JIOTiYHHMX (opMali3MiB — JOTIK 3aralbHHUX
HeJeTepMiHOBaHHX KBa3iapHUX MpeauKaTiB, a00 GND-npenukatiB. BuaigeHo pi3HOBUAN TaKUX HPEIUKATIB, JOCIIIKEHO BIACTUBOCTI iX
KOMIMO3HUIIH, pO3IIISIHYTO KOMITO3HMLiKHI anredbpu GND-npenukariB. OnMcaHO MOBH YUCTHX MEPLIONOPSIAKOBUX JOTiK GND-NpeauKaris.
3anpornoHoBaHO Ta JOCIIKEHO BiJHOIIECHHS JIOTIYHOTO HACHIAKY A8 MHOXKHH (opMyn. ONUCaHO BIACTHUBOCTI JEKOMIIO3HIIT Gopmy
Ta eJiMiHaIi] KBaHTOPIB.

KirouoBi cioBa: jorika, anredpa, KOMIIO3HLIs, HeleTePMIHOBAHHUI PEIUKAT, TOTIYHUH HACITITOK.

HccnenoBaHel ceMaHTHYECKHE ACIIEKTHI HOBOTO KJacca HMPOrPaMMHO-OPHEHTHPOBAHHEIX JIOTHYECKHX (DOPMAJU3MOB — JIOTHK OOIINX
HeJIeTepMHHUPOBAHHBIX KBa3UAPHBIX NPEAUKATOB, Win GND-npeankaToB. BeiieaeHsl pa3sHOBHIHOCTH TaKUX NPEJUKATOB, HCCIIET0BAaHbI
CBOMCTBA MX KOMIIO3HIUH, pacCMOTPEHB KOMIO3UIUOHHEIE anre6psl GND-npeaukaToB. OMHCaHBI S3BIKM YHUCTBIX IIEPBONOPSIKOBBIX
noruk GND-npenukaroB. IIpeuioxKeHB! M HMCCIIEIOBAaHB OTHOLICHUS JIOTHYECKOTO CIEICTBUS A MHOXECTB (opmys. OnuncaHsl
CBOJCTBA JIGKOMIIO3UIIUH (POPMYJT M SIMMHUHALIMH KBAHTOPOB.

KiroueBble cioBa: 10TuKa, anredOpa, KOMIO3HIHS, HeAETEPMUHUPOBAHHBIN IPEUKAT, TOTHYECKOE CIECICTBHUE.

Semantic aspects of a new class of program-oriented logical formalisms — logics of general non-deterministic quasiary predicates (GND-
predicates) — are considered. Classes of GND-predicates are singled out, their compositions and algebras are investigated. The language
of pure first-order logics of GND-predicates is described. The relation of the logical consequence for the sets of formulas is proposed and
investigated. The properties of the decomposition of formulas and of quantifier elimination are described.
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Beryn

Po3BuTok iH(pOpPMAIIWHUX TEXHOJNOTI Ta IX NPOHUKHEHHS B yci cdepu iSUILHOCTI JIIOAMHH POOIATH
MIEPUIOPSIHO0 3a/lauy CTBOPEHHS! e(DeKTHBHHUX 1 HAIIMHUX mporpaMHux cucteM. OCHOBOIO, SIPOM TaKHUX CHCTEM €
arapatr MaTeMaTH4HOI JIoTikM. BojHouac mosiBa Bce HOBUX 33ja4 i mpoOJieM, siIKi BUHUKAIOTh B IPOLECI PO3BUTKY
iHpopMaTUKM W TporpamyBaHHs, IHAYKYe iX 3BOPDOTHHH BIUIMB Ha JIOTiKy, BUMarae 3poOutH il Onmx4oro i
aJIeKBaTHINIO 10 NoTped mporpamyBanHs. Ha nanuit 4yac pospoOiieHo (auB., Hamnp., [1]) HM3KY pi3HOMaHITHHX
JIOTIYHMX CHCTEM, SIKi YCHIIIHO 3aCTOCOBYIOTHCS B iH(opMaTHLi i mporpamyBaHHi. B iX OCHOBI 3a3BW4ail JISKUTH
KJIaCW4Ha JIOTiKa NMpeAnKaTiB Ta 0a30BaHi Ha Hill creniaibHi JIOTiKK (MOAANBHI, TEMIIOPANIBHI, eMiCTeMi4Hi, IpOrpamMHi
tomo). [IpoTe kiacMuHa JOTiKa Mae IPHHIMIIOBI OOMEXKEHHs, SKi ICTOTHO YCKJIQJHIOIOTH ii BHKOPHUCTaHHS.
XapakTepHUM JUTs IPOTPAMyBaHHS € NIMPOKE BUKOPUCTAHHS YaCTKOBUX HEOIHO3HAYHHX BiJOOpaKeHb HAJl HETOBHUMU
JAHUMH, a KIACHYHA JIOTiKa MNpPEAMKATIB 0a3yeThCsl HA TPAMUIIHHUX MATEeMATHYHUX CTPYKTYpax OJHO3HAYHHX
TOTaJIbHUX CKIHYCHHO-aPHUX Bi0OPaKECHb.

OOMexeHHs KIIACHYHOT JIOTIKU MPEIUKaTIiB BUBOASATH Ha MEPUIMH IJIaH NMpodieMy noOyA0BH HOBUX, IPOTPAMHO-
opieHTOBaHMX JoriyHuX (opmanizmi. [IpupoaHOI0 OCHOBOKO Takoi MNOOYAOBM € CHUIBHUE Ui JIOTIKA ¥
NpOrpamMyBaHHsI KOMIIO3MLIHHO-HOMIHATUBHUN miaxia. Jloriku, 30ys0oBaHi Ha HOro OCHOBI, Ha3BaHO KOMIO3UIIHHO-
HominatuBauMu (KHJT). TlepemymoBor0 iX BHHUKHEHHS CTaja HEOOXIMHICTh MOCHJICHHS MOXKJIMBOCTCH KIACHYHOT
JIOTIKM JUIsi PO3B’si3aHHS HOBHMX 3aiau iHpopmatuku W nporpamyBanHs. KHJI GasyroTecst Ha 3arajipHUX Kiacax
YaCTKOBHUX BiJI0OOpaXKeHb, 3aJJaHUX HA JOBLIBHUX HaOOpax iMCHOBAHMX 3HA4eHb. Taki HA0OpH HA3BaHO HOMiIHATUBHUMU
nmarnMu. OJHOPIBHEBI OJTHO3HAYHI HOMIHATHBHI JaHI Ha3BaHO iMeHHUMH MHOxwHaMu (IM). BimoOpakeHHs, 3amaHi
Ha IM, na3BaHo kBaziapHuMu. Husky pisHomaniTHux knacie KHJI kBa3iapHuX mpeaukariB OMHCaHO Ta JOCIIIHKEHO
B [2-7].

Mertoto gaHO1 poOOTH € MOCHTIKEHHSI HOBHUX KIIACIB MPOTPaMHO-Opi€HTOBAHUX JoTiyHUX (hopmamizmis — KHII
3arallbHUX HEACTEPMIHOBAaHWX KBaziapHHX npeaukariB. L[i JoOriku BimoOpakaloTh TakKi BIACTHBOCTI IPOTpaM, SK
YaCTKOBICTb, HeIeTepMiHI3M, HedikcoBaHy apHicTh. Oris[ HEACTEPMIHOBAHUX IPOMO3MLIHHHUX JIOTIK Ta JIOTIK
HEAETEPMIHOBAHUX N-apHHUX MPEAUKATIB HaBeaeHO B [8]. 3arampHi HemeTepMIHOBaHI KBas3iapHi NMpeauKaTH, Ha3BaHI
GND-npenukaramu, 3anponoHoBaHo B [9]. BoHu € y3arajgbHEeHHSM YaCTKOBMX HEOJHO3HAYHUX MPEAUKATIB PEJIALIHHOTO
tuny [3]. Komnosuuiiini anredpun GND-npenukariB nocmimpkeno B [10]. ITokazano 3B's3ok GND-mpeaukartiB i3
7-3HAYHUMHU TOTAJIBHUMHU JETEPMIHOBAHUMH IPEIUKATAMH, ONMHCAHO MOBH YHCTHX MEPIIONOPAAKOBUX Jorik GND-
MPEIUKATIB.

BuBueHHsT ceMaHTHYHUX acnekTiB GND-npeiuWkariB TpuBa€e B JaHid poOotu. BumiieHo pi3HOBUIM
GND-nipenmuKkaTiB, PO3TIITHYTO BJIACTUBOCTI X KOMIIO3HWIIIH, OIMHMCAHO KOMITO3MINHHI anreOpu Ta MOBH JIOTIKH
GND-nipenukaTiB. JIoCHiKeHO BIIHOMICHHA JIOTIYHOTO HACHIAKY Ui MHOXHH (opMyin. Bu3HaueHO BigHOIICHHS
G-Hacniaky, JorigHoro G-HacniAkKy Ta JorigHoro SG-HACTIIKY, OMUCAHO BIACTHUBOCTI IUX BimHOMmIEHB. JlocimimkeHo
BIIACTHUBOCTI JEKOMITO3UIii (popMyn Ta emimiHamii kBaHTOpiB. Lli BIaCTHBOCTI € CEMAaHTHYHOIO OCHOBOIO ITONATBIIOL
MoOYZ0BH YHCIIEHb CEKBEHIIIHOTO THITY AJst JToTiKk GND-npenKaris.
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[oHATTS, SIKI TYT HE BU3HAYAIOTHCS, TIIyMaunMo B ceHci [2, 3, 6]. Haramaemo nuiiie 6a30Bi BU3HAYCHHSL.
V-A-imenna MHoxuHa (V-A-IM) — ne yactkoBa oHOo3Ha4YHa (GYHKIs BUTIsILY d @ V® A. Tpakryemo Vi A sk

MHOXKHHY TIPEIMETHHX iMeH (3MiHHHX) | MHOXMHY NpeIMETHHX 3HaueHb. Kiiac Beix V-A-IM nosuauaemo 'A.
IMig V-A-xBaziapHUM MPETUKATOM PO3YMITHMEMO YaCTKOBY HEOIHO3HAYHY, B3aralli KaKydH, (GYHKIIIO0 BUTIIILY
P:"A® {T,F}. Tyr {T, F} — MHOXHHA iCTHHHICHUX 3HAYCHb.

1. 3aranbHi HeleTepMiHOBaHi MPeANKATH Ta IX PI3HOBUAN

[oHATTS HenEeTepMIHOBAHOTO (HEOIHO3HAYHOIO) MpeauKaTa B 3arajbHOMY BUmanky omucano B [10]. Takuit
npeauKaT Ha JCIKMX JaHUX 4Yepe3 HEYITKICTh Ta HeBH3HAaueHicTh iHQopmanii Moxe QyHKI[IOHyBaTH
HEJETepPMiHOBAaHMM YMHOM: Ha OJHOMY 1 TOMY K JaHOMY MOXe IpHUHAMaTH 3Ha4YeHHs 7, MpUiMaTu 3HaueHHS F, a
MOJXe€ 1 He mpuiiMaTH )oaHoro 3HaueHHsA. Hampuxman (qus. [10]), e MoxyTh OyTH pi3HI €K3eMIUIIPH OJHOTO i TOTO
K TMpeauKaTa, 10 € KOMIIOHEHTaMHU CKJIAJHINIOr0: Ha OJAHOMY 1 TOMY  JaHOMY OJHI €K3eMIUISPH MPHUUAHSIIN
3Ha4eHHs 7, IHIII €K3eMIUIIpU — 3HaueHHs F, a JesKi eK3eMIUIpH 3alMKJIWIACh I HE NPUHMAIOTh >KOJHOTO
3HA4YCHHSI.

TakuM uuHOM, HeneTepMiHoBanmii mpeaukar P: A® {T,F} npu 3actocyBauHi no mesHoro de’A moxe
npuiiMaty 3Ha4eHHs [, IpUiAMaTH 3Ha4eHHS F, a TakokK MOKe HEe MPUUMATH JKOJHOTO 3HAaYeHHs, TOOTO MOXe OyTH
HeBU3HAUCHUM. [[11 KOXHOTO de "4 mae OyTH mpWHAWMHI OJHA 3 IIMX CUTYaIii, IO 3arajxoM Jae 7 MOKIHBOCTEH
JUIS TIPUWHSTTSI 3HAYSHHS I[PH 3aCTOCYBaHHI 10 MEBHOro HaHoro. Tak omnucaHi HeJeTepMiHOBaHI KBasiapHi
MPEIUKATH 3arajdbHOro BUIILIAY Ha3zBaHO GND-npeouxamamu. Kiac V-A-kBaziapaux GND-TipennKatiB MO3HAYHMO
PrGy._y4.

Hexait P[d] — MHOXHHA 3Ha4eHb, SKi HeJeTEpPMiHOBAHMII IpeauKkar P Moxe npuitHaTh Ha de’ A, Toni P[d]
Moe O0yTH oaHieto 3 MHOXUH {D}, {T}, {F}, {T, F}, {T,3}, {F, 3}, {T,F,J}. CkopoueHo no3Hauumo ix T, T, F,
TF, T1, F1, TF1. Takum umbnoMm, GND-npeauKaTH MOXXHA MOJENIOBATH SIK 7-3HAYHI TOTAJbHI JEeTEpMiHOBaHI
npeaukar, siki Hazsauo [10] TD7-upeaukatamu. MHOXHHOK ICTHHHICHHX 3HAYEHb IuX npeaukatis € TV, = {1, T,
F, TF, Tt, F1, TF1}. 38’130k GND-npenukaris ta TD7-npeaukatiB nociijmkeno B [10], oCHOBHI pe3ynbTatu
HaBEJICHO HUXKYE.

B pobortax [3—-7] wacTkoBi HEOJHO3HAuYHI KBa3iapHI NpeIUKATH MH TPaKTyBall [emio OrpyOieHo, sk
BiZmOBiAHOCTI (BigHOIeHHs) Mik MHOKHHAMEU 'A Ta {T,F}, ix Oy10 Ha3BaHO R-npeduxamamu — TpeIuKaTaMH
pensuiitnoro tumy. Koxuuit R-npeankar P: A® {T,F} npu 3acTocyBaHHi 10 meBHOro maHoro de’A mosxe
npuiiMaTy numie 3HadeHHs 7, numie 3HadeHHs F, oOunBa 3HaueHHS T Ta F, a TakoX MOXe OyTH HEeBH3HAYCHUM —
BCHOTO MAEMO 4 MOXKIIUBOCTI.

Takum yuHOM, 1 R-nipeankata P MHOXKHWHOO 3HaueHb P[d], sxi P MOXe IPUAHATH Ha d € VA, Moke OyTH omHa
3 MHOXUH {B}, {T}, {F}, {T, F}. Knac V-A-kBaziapuux R-npenukariB Tyt Oynemo no3navata PrRy 4.

3ayBakuMo, MIO JJIsl KIACHYHHUX HPEAMKATIB € JHIe 2 MOKIUBOCTI — 7' uu F — [UIsl IPUAHSTTS 3HAYCHHS MIPH
3aCTOCYBaHHI JI0 MIEBHOTO JAHOTO, a/KE BOHH € TOTATHPHUMHA OJHO3HAYHHUM BinoOpakeHHAMH P : AA® {T,F}, XcV.

Koxuuit V-A-kBaziapauii GND-nipeaukat P MOXKHAa OJJHO3HAYHO OIMCATH 32 JAOIOMOTOI0 3-X MHOXKHH: 00.1acmi
icmunnocmi T(P), obnacmi xubnocmi F(P) ta obaracmi nesusnawenocmi 1(P). 1{i MHOXXHHH 3a1al0ThCSI TaK:

— T(P) = {de"A4 | P moxe npuiimaru Ha d 3nauenns T} = {de’4 | TeP[d]},

— F(P) = {de"A | P moxe npuiiMaTy Ha d 3Hauenns F} = {de’4 | FeP[d]},

— 1(P) = {d<"A4 | P moxe 6ytn HeBu3Hauennm Ha d} = {de’A | DeP[d]}.

Kosxne de’A mae HanexaTy npuHAMHI OJHIH 3 X MHOXHH, TOMY iX T10B’3y€ TaKa 3arajlbHa yMOBA:
T(P)UF(P)u L(P)="4 (G)

O06sacTi iICTHHHOCTI, XUOHOCTI, HEBU3HAYCHOCTI OYEMO TaKOXX HasuBatu T-00Jyactio, F-00acTio, 1 -obmacTio.
Muoxwuny T(P) N F(P) Ha3zBeMo obracmio ambisarenmuocmi GND-npenvkara P.
Juist onHO3HAYHOTO 3a1aHHs V-A-KkBasiapHoro R-nipenukara P nocratHbo 2-x MHOXHH: T(P) Ta F(P). Ilpu upomy

L(P)=T(P)VF(P) (R)

Kosxnmii R-nipenukar P MOXKHa TpakTyBatH ik GND-1ipeiukar, uist skoro MaeMo yMoBy (R).
MokHa BUIUTUTH HU3KY pi3HOMaHITHUX KiaciB GND-npenukaris. [Ipu upomy mMae BukonyBaTuch ymona (G).
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V-A-xBasiapauiit GND-tipeaukar P:

— oonosHayHull, a00 SG-npeaukar, skio T(P)NF(P)=J;

— momanwhuii, 360 TG-npeukar, sxio T(P)UF(P) ="4;

— guxonysanuil, sikiio T(P) # &

— HecnpocmosHuil, sikio F(P) = &,

— momanvro icmunnuil, skmo T(P) = "4;

— momanvro xubnuii, sximo F(P) ="4;

— momanvho nesusnavenuti, a6o TIG-npemuxar (with total class of indefinite values), sxmo L(P) = "4;
— momanvro ambisanenmuuii, 360 TAmG-npeankar, skuo T(P) = F(P) ="4.

TIG-npenukatu (B [10] HazBani O/G) myxe noaiOHI 10 R-mpenukariB: KoxHUH T/G-TIpeamKaT, siK 1 KOXKHHA
R-mpeamkart, oijIKOM BU3HAYAE€ThCs minbku T-obmactio Ta F-obmactio. nsa R-npeaukara P L(P) nerepminyerscs 1(P)
ta F(P) ymoBoto (R), a nist TIG-npenukara P maemo L(P) = "4, Tomy s Hporo ictothi Tesx mumre T(P) Ta F(P).

Knac TAmG-npeankaTiB BUPOJDKEHUH, TaKi IPEJUKATH BiAPI3HAIOTHCS jumie | -obmacTsiMu.

3po3yMmiJio, 110 icHYI0Th SG-IpeIuKaTH, siKi He € R-IipeAnKkaTaMu, Ta HaBnaku. Te x came uist 7G-npeiuKaTiB.

[Moennyroun (e e MOXKIIMBO) HaBEEHI BUIIE YMOBH 3 YMOBOIO (R), OTpUMYEMO HU3KY KJIaciB R-peauKarTiB.
V-A-xBasiapauit GND-tipenukar P:

— 00Ho3HayHull R-npeduxam, adbo P-nipequkart, skuo T(P)NF(P)=J 1a 1L (P) = W ;
— momanvhuii R-npeduxam, a6o T-npexukar, sxmo L(P) = & (ymosa (G) Toxi nae T(P)UF(P) ="4);
— HecnpocmosHull (9aCTKOBO ICTUHHHN) R-npeduxam, skmo F(P)=J ta L (P) = m ;

— momanvho xubnuii R-npeduxam, sxmo F(P)="Ata L(P) = O;

— momanvho icmunnuii R-npeduxam, sxmo T(P) ="4 ta L(P) = @.

[NoenHaHHs BIAMOBIIHUX YMOB Ja€, 30KpeMa, Taki BaxuinBi kiacu GND-npenukaris:

— TSG-npenukatu (ymosu T(P)NF(P)= ta T(P)UF(P) ="A);

— TS-npemukary (ymoBu T(P)NF(P)=, T(P)UF(P) ="4 ta L(P) = @);

— STIG-npenukatu (ymosu L(P) = "4 1a T(P)nF(P) = D);

— TTIG-npenukaru (ymosu L(P) = "4 ta T(P)UF(P) = "4);

— TSTIG-npemukaru (ymoBu L(P) = "4, T(P)NF(P) = & ta T(P)\UF(P)) = "4);

B xunaci V-A4-kBaziapuux GND-npeankaTiB MOKHA BUIUTUTH 7 KOHCTaHTHUX. [Ipeankar P:

— momoaicno icmunnuii (no3u. T), sxmo F(P) = 1(P)=C ta T(P)="4;

— momooicno xubnuii (nozu. F), sxmo T(P) = L(P) =@ ta F(P)="4;

— momanvHo icmunno-nesusnavenuu (nosu. T.), sxwo T(P) = L(P) = "4 ta F(P)=,

— momanvho xubno-nesusnaienut (nosu. F), sxkwo F(P) = L(P) = "4 ta T(P)=;

— momoorcno negusnavenuii (no3u. L), sxmo T(P)=F(P)=Q ta 1L(P)="4;

— momanvho ambieanenmuuii R-npeduxam (no3n. Y), sxmo T(P)=F(P)="4 ta L(P)=;
— momanvHo nedemepminosanut (Mo3H. Y), sikwo 7(P) = F(P) = L(P) = "4.

IIpu upomy T, F, L, Y € KOHCTaHTHUMH R-TIpeTUKaTaMH.
Bepyun mo yBarm ob6macTi HEBU3HAYCHOCTI Ta aMOIBaJICHTHOCTi, MOKHA BUAUIATH TaKOXX HHU3KY CHEHiaTbHUX

kiaciB GND-TpeiiKaris, sIKi He € R-TIpeIuKaTaMu, OKPiM BHPOKCHNX BUIAIKIB. V-A4-kBa3iapuuiit GND-nipenukart P:
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— AU-nipenukar, sxmo T(P)NF(P)c L(P);

— UA-npenuxar, skio L(P) < T(P)NF(P);

— U-A-tipenuxkart, skmo L(P) = T(P)NF(P);

—nU-A-npenuxar, sxmo L (P) = T(P)NF(P);

— AnU-nipenukar, sikuaio T(P)NF(P) < L (P);

— ImG-npenukar (with imprecise values), sikmo L (P) < T(P)NF(P).

st koxxHoro /mG-nipeankaTa P He icHye 1aHuX Ha skux P npuiimae 3HadeHHs jume 7 abo smie F.

Teepmxenns 1. /[y BBeIcHUX cniemiadbHUX KIAciB GND-TpeuKaTiB Ma€MO TaKi BIACTHBOCTI.
1. Heomnosnauni 4AU-ipequkaTa He € R-ipequkaraMu; SG-TIpeIuKaT TapaHToBaHO € A U-ipeauKaTaMu.

2. 3aymoBu L(P)= koxuuit 4AU-ipeankat ta Koxxuuii U-4-nipequkar crae 7S-peIuKaToM.

3. Koxunit UA-npepukar toransauii: d¢ T(P)UF(P) = de T(P)NF(P) = (UA) d¢1(P) = cynepeuHicTb
3 (G).

4.  Koxunit U-A-npenpukat € UA-TipequKaToM, TOMY KOXHUNA U-A-TIpeauKaT — TOTaIbHUI.

5. ToraneHi R-ipequkatu (7-npenukatn) € UA-TIpeIuKaTaMu.

6. Koxunit UA-npenukatr ta koskauid U-A-mipeaukar 3 yMoBoto L(P)#(J He € R-IpeinKaToM.

7. Koxuuii R-npeaukar € AnU-npeaukarom: msi R-npenukatie 7(P) N F(P) N L(P) = &, wo nae AnU-ymMoBy.

8.  Koxuuit SG-ipequkat € AnU-mipequKaToMm.

9.  Jlna R-npenukariB [mG-ymMoBa Jiae BUPOKEHUi Kiac i3 ymoBoto T(P) = F(P).

10. Koxuuii TIG-npeaukat € ImG-npeaukatoM; KoxHuid TAmG-npenukar € ImG-peIuKaToMm.

Hexaii * — 11e Ha3Ba OIHOTO i3 BU3HAYEHUX BHUIIE KinaciB GND-nipenukaris (Hamp., SG, TIG).

BinmosinHuii knac V-A-kBa3iapHHX *-TpEIUKATIB TIO3HAYAEMO * 4 (Hamp., PrSGy_4, PrTIGy.4).

Teepmxenns 2. [oexnyioun ymoBn UA ta U-A i3 ymosoio T(P)UF(P)="A, orpumyemo (muB mm. 3 ta 4
TBEPIUKCHHS 1) Ti %k cami KJ1acu TotainbHux npenukatie: PrUAy. = PrTUAy. 4; PrU_Ay. 4= PrTU_Ay. 4.

Teepmkenns 3. [Noexnyroun ymosu AU, AnU, ImG, nU-A, UA, U_-A i3 T(P)"F(P) =, MaeMo0 BiJIOMi KJIacH:
PrSAUV,A = PrSAnUV,A :PI”SGV,A; PrSImGV,A :PrSnU:AV,A = PrSTIGV,A; PrSUAV,A :PI”SU;AV,A :PI"TSV,A.

Trepmuxenns 4. [loeauyioun ymosu AU, ImG, AnU, nU_A i3 ymosoro T(P)UF(P) = "4, otpumyemo HOBi Kitacu
totanpHuX npemukatie: PrTAUy. 4, PrTImGy 4, PrTAnUy. 4, PrTnU_Ay. 4.

2. Komno3uuii GND-npeaukaris

Komnosunii kBaziapanx GND-mpeaukatiB K 3acobr noOyIOBH CKIATHIMINX HNPEAUKATIB i3 MPOCTIMINX MArOTh
BPaxoBYBaTH OCOOJIMBOCTI HeleTepMiHOBaHUX MpeauKkaTiB. [Iporno3uiitHi koMno3uuii (JIOrivHi 3B’3KK) 33]a€EMO 4epe3
00J1acTi iICTUHHOCTI, XMOHOCTI Ta HEBU3HAYCHOCTI BiJIIIOBITHHUX MPEIUKATIB.

JIi1st KOMITO3HITiT 3armepevdeHHsT — MAEMO:

T(—=P) = F(P), F(=P)=T(P), L(=P)=_L(P).

[Tpu Bu3HaueHHI AM3 IOHKLIT vV OepeMo /10 yBaru Take: Pv(Q HeBu3HaueHuii Ha d <> P ta O HeBM3HaueHi Ha d
abo P neBnu3HaueHWi Ha d Ta Q xubHU Ha d abo () HeBW3HAUeHW Ha d Ta P xubHuii Ha d. Tomy 3amaemo:

(PvQ) = T(P)VT(Q), F(PVQ)=F(P)NF(Q),
LPvO) = (L(P) N L(O)w (L(P) N F(Q)) W (F(P) N L(O)).

Komro3uuii — Ta v — 11e 6a30B1 npono3uiiiiii koMmno3uuii GND-nipeaykaTis.
Kommnosuuii — Ta & € noxigHUMH, BOHH 331al0ThCs 4epe3 vV ta . P—Q = =P v Q; P&Q =—=(=Pv Q).
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3BizacH, 30Kpema, A KOH FHKIIT oTpumyemo: L(P&Q) = (L(P) N L(Q)) v (L(P)NT(Q)) v (T(P) N L(Q)).
Ie y3romkyerbcs i3 TAKOKW MPHPOJHOK YMOBOIO Uit KOH'IOHKWIT: P&(Q HeBusHauenuit Ha d < P ta Q

HeBM3HaueHi Ha d a6o P HeBu3HauyeHuit Ha d Ta Q icTuHHUI Ha d a6o () HeBW3HAa4YeHWi Ha d Ta P icTUHHHUY Ha d.

Teepaxenns 5. besnocepeaupo i3 Bu3HaueHb oTpumyeMo [10] Taki cIiiBBiAHOIIEHHS:
- T(PvQ)w L(PvQ) = T(P)w L(P) L T(Q) v L(Q); F(PVvO)L L(PVQ) = (F(P)v L(P)) N (F(Q) v L(Q));
- F(P&Q) v L(P&Q) = F(P)w L(P) W F(Q) v L(Q); T(P&Q) v L(P&Q) = (T(P)w L(P)) N (T(Q) v L(Q)).

[Tokaxxemo Tenep kKopexkmuicms Tak BU3HAYEHUX KOMIIO3ULIHA v Ta — st GND-npeaunkaris. Lle o3Hauae, mo v

Ta — MaroTh 30epiratu ymMoBy (G).

Teopema 1. Sxmo 1 GND-nipeaukariB P ta Q BukoHyetbest ymoBa (G) To BoHa BUKOHY€EThCS [uist =P ta PvQ.

Jlnst = maemo:  F(=P) U T(=P) U L(=P) = T(P) U F(P) U L(P)="A4. Tloxaxemo, mo v 36epirae ymosy (G).
Maemo T(P)U F(P)U L(P)="4 ta T(Q)UF(Q)U L(Q)="4. Tpeda nosectu: T(PvQ)u F(PvQ)uU L(PvQ)="A.

Hexaii cynporusHe: maemo ymoBu (G) mist P ta Q, npote (G) HepipHa mns PvQ. OcTaHHE O3HAyae: s
neskoro de’A wmaemo deT(PvQ) U F(PvQ) U L(PvQ), ssimkn deF(PvQ)u L(PvQ) ta deT(PvQ). 3rigHo
TBep/UKeHHS 5 3Bimcn maemo (de(F(P)V L(P)N(F(Q)VL(Q)) 1 deT(P)LuT(Q)) < (deF(P)VL(P) Ta
deT(P)U T(Q)) abo (deF(Q)Vw L(Q) ta deT(P)L T(Q)) < (deF(P), de¢ L(P), deT(P), d¢T(Q)) abo (deF(Q),
del(Q), deT(P), deT(Q) < (deF(P)w L(P) U T(P) ta dg T(Q)) abo (deF(Q) v L(Q) U T(Q) ta deT(P)). Ilepma
ymoBa cymnepeuuts ymoBi (G) mis P, npyra — ymoBi (G) miast Q. OTpumanu CyINepedHicTh, IO H TOBOAMTH

30epekeHHsT KoMIo3uIlier v ymoBH (G).

Teepmkenns 6. L(Pv(QVvS)) = L(PvO)VS) = (F(P)NF(Q)NL(S)) U (F(P)NL(Q)NF(S)) v

U (L(PINF(Q)NF(S)) W (F(P)NL(Q)NL(S)) W (LI(P)NF(Q)NL(S)) W (L(P)YNL(OINF(S)) W (L(P)NL(O)NL(S));
L(P&(Q&S)) = L(P&Q)&S) = (T(P)YNT(Q)NL(S)) W (T(P)NL(OINT(S)) W (L(PINT(Q)INT(S)) v

U (T(PYNL(QNL(S)) W (L(P)NT(O)NL(S) U (L(PINL(O)NT(S)) W (L(P)YNL(O)NL(S)).
[oni6HuM yrHOM MOKHA 3amaTh L -00MacTi [T A3’ FOHKINIT Ta KOH FOHKIIIT 4-X 1 OUTBIIE MPEIUKATIB.

Teopema 2. Jlns GND-nipenukartiB BAKOHYIOTbCSI TaKi 3aKOHHU TPAAUIIHHOT JIOTIKH.

1) KomyratusHicts v 1a &: PvQ = QVP; P&Q = Q&P.

2) AcomuiaTHBHICTG V Ta & (BUIUIHBAE 3 TBepkeHHS 6): (PVO)VR = Pv(QOVR); (P&Q)&R = P&(Q&R).

3) 3usTTA MoABiiHOTO 3anepedeHHs: ——P = P.

4) InemnorenTHicTh V Ta &: P = PvP; P= P&P.

5) 3axonu ae Moprana: —(PvQ)=—-P & —0; —(P&Q)=—-Pv—=0.

Hpukaan 1 (qus. [10]). Maemo T(P&Q v P) = T((PvQ) & P) = T(P), F(P&Qv P)=F((PvQ) & P)=F(P);
BogHoyac L(P&Q v P) = L((PvQ) & P) = L(P) U (F(P)nT(P)n L(Q)).

Ie MoXxHa TpaKTyBaTH Tak: IpH YCKIATHEHHI OTHACY MPEIuKaTa 3p0CTa€ HEBU3HAYCHICTh HOTO (PYHKIIOHYBaHHS
(napocrae “entpomnis” onwucy). IIpu nepexoai Bi MpocToro onucy mpeaukara P 1o ckiaaHimoro i3 3anydeHHsm O 10
BOro onwucy, 1o L-obmacti L(P) nogaerbes komnonenta F(P) N T(P) N L(Q), sika moxe Oyt # .

Takum uymaOM, mpemukata P, (PvQ) & P, P&(Q v P 30iratoTecs B Kilaci R-TIpeAnKaTiB, BOOHOYAC TPEIUKATH

(PvQ) & P ta P&Q v P 36iratotbest B kinaci GND-npenvkaris, mpoTe BOHM He 30iratotbes i3 P.

Hpuknan 2. Maemo L((P&R)V(Q&R)) = L(PVQO)&R) U ((L(P)UL(Q)) N F(R) N T(R)).

Tyt maemo L((PVQ)&R) = (T(P)NLR))I(L(P)NLR))NT(O)NLR)I(LO)NLR))YUNEFP)NLONT(R))v
U(LP)NF(OQINT(R))I(L(P)NL(Q)NT(R)). Lli nogaHHS OTPUMYEMO Ha OCHOBI BU3HAYCHHS Ta TBEPIPKCHHS 5.
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Mpuxaan 3. Bisememo de’A taxe: de L(P), d¢ 1(Q), de¢F(Q), dg L(R), deF(R), de T(R).

Maemo de L(P)NF(R)NT(R), 3Bigku de(L(P)UL(Q))NF(R)NT(R), tomy del((P&R)V(Q&R)).
Boanouac i3 ymoB dg L(R), d¢ L(Q) tadegF(Q) 3rigHo npukiany 2 orpumyemo d¢ L((PvQ)&R).
Mu orpumanu, mo npeaukatu (PvQ)&R 1a (P&R)V(Q&R) He 30iratoTbest B Kiaci GND-nipeaukartis, npoTe

BOHM 30iraroTbcs B Kiaci R-npeankariB. Takum unHOM, IpUKIamu 1 —3 3acBiIUyrOTh HACTYITHE.

Teopema 3. Jlns GND-npenukartiB He BAKOHYIOTHCS TaKi BaXKJIMBI 3aKOHHU TPAIAMIIHHOT JOTIKH:
— 3aKOHM NOTJIMHAHHA JUIA V Ta &;

— 3aKOHH JUCTPUOYTUBHOCTI T V Ta &.

Teopema 4. [Ipono3uniitni komnosuuii GND-npeanKkaTiB BUBOAATH 32 MEXi R-IIpeIUKaTIB.

Hexait R-ipenukar Pe nyansHuM [6] 10 R-npennkata P. e o3uauae: T(P)=F(P), F(P)=T(P).

Jis R-ipenukatiB P ta P maemo: L (P)=T(P)UF(P)=T(P)nF(P), L(P)= m UTP) =F(P)NT(P);

T(Pv PYUF(Pv P)=T(P)UF(P)U(F(P)NT(P))="4, T(PvP)nF(Pv P)=(T(P)UF(P)NF(P)nT(P)=,

T(P&P)UF(P& P)=(T(P)NnF(P)UF(P)UT(P)="4, T(P& P)nF(P& P)=T(P)nF(P)n(F(P)UT(P))=.

Omxe, sk R-npenukatn Pv P ta P& P e TS-npemukaramu [6], st aux L-o6maci — ue &.

Temnep notpakryemo Pv P ta P& P six GND-npemmkaty. L-o6macti Takux GND-IpenKaris:

L(PvP)=(L(P)NL(P)U(L(P)NF(P)U(F(P)NL(P)) =(T(P)NF(P))U(F(P)NT(P))= L(P) U L(P);

L(P&P)=(L(P)NL(P)U(L(P)NT(P)U(T(P)"L(P)) =(T(P)NF(P))U(F(P)NT(P))= L(P) U L(P).
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Hexait R-npeaukar P rakuii: F(P) N T(P) # & a6o T(P)NF(P)# & . Toni L(PvP)#Q ta L(P&P)»J.

Omxe, Pv P ta P& P Bxe He € R-npegukaramu.

Hagenemo 11ie 01uH NpUKIIA Ha MiATBEPPKESHHS TCOpeMH 4.

Mpuxnan 4. Hexait R-npeaukar P takuii, mo F(P) N T(P) # &; toai P& Pv P He € R-npeauKkaToM.
Kommnosuuito perominanii RY : PrG, , ® PrG, , nas GND-peukartiB 3a/1a€MO Tax, SK i 1is R-ipeauKaris:
R (P)[d]= P[rl(d)] mns xoxuoro de”A; Tyt 1’ : "A® "4 — onepanuis penominanuii IM (mus. [6]).
Komnosuuito RY mMoskna Bu3HauuTH yepes T-061acth, F-06macth, L-061acTh BifnosigHoro npenukara RY (P) :
TRY(P) = {deA|rL(d) e T(P)}); F(RU(P)= {de"A|ri(d) e F(P)}; L(RL(P)) = {de"A|ri(d) L (P)}.
OCHOBHI BIIaCTHBOCTI KOMIO3HIIN peHOMIHAM1 it GND-peinKaTiB Taki kK K (TuB. [3, 6]) st R-IpeIuKaTiB.

R) R(P) =P — TOTOXHA peHOMIHAIIis; KOMIIO3HIIis R 0€3 mapaMeTpiB i€ sSIK TOTOXKHE BiZOOpaKEeHHS.

RI) RZY(P)=RI(P) — 3ropTka TOTOXHOI Iapy iMeH y peHOMiHaIlii;

RU) R;’; (P)=RL(P), sixmo z HeictoTHe [3, 6] 11 P, — 3ropTKa napu iMeH 3 HEICTOTHUM BEPXHIM iMeHeM;
RR) R;(R}(P)) =R}y (P); tyr R} o} —sroprka [3,6] kommosuuiii perominanii R} ta RY ;

R—) RZ(—P) =—R.(P) — R—-1ucTpubyTHBHICTH;

Rv) R (Pv Q)=R1(P)vR.(Q) — Rv-1ucTpubyTHBHICTS.



Onumemo kommnosuuii keantudikauii Ix: PrG,_, ® PrG,_, T1a Vx:PrG,_,® PrG,_,.

3amaemo npenukat dxP depes Horo 001acTi iCTHHHOCTI, XMOHOCTI Ta HEBH3HAYCHOCTI.
T(AxP) = {de"A|dV x+> a € T(P) ans nesixoro acA}; F(AxP) = {de"A |dV x> a eF(P) nnsBcix acA};
L@xP)={de"A|dVxr> ac L (P)UF(P)nns Beix acA ta dV x> b e L(P) s nesikoro beA}.

Kommosuttito dx BimHecemo i 10 6a3oBux. KoMmoswuiis Vx € moxinHoto, ii 3axaemMo Tpaauiiiiino: VxP = —dx—P.

Teepmxenns 7 (quB. [10]). d € L(AxP)L T(IxP) <= d V x> b e T(P) v L(P) s gesikoro beA;

d el (@xP)U F(AxP) <= dV x> a e F(P) U L(P) nnst BCix a€A.

OCHOBHI BJIACTHBOCTI KOMIIO3MIIiH KBaHTH(DiKamii GND-npeankarisB Taki x, K (aus. [3, 6]) ans R-npeaukaris.
1. KomyTaTuBHICTh OHOTUIHUX KBaHTOPiB: IxJyP = JydxP; VxVyP = VyVxP.

2. 3akoHu e Moprana Juis kBaHTopiB: —3xP = Vx—P; —VxP = 3x—P.

3. HeicroTricTh kBaHTH(DIKOBaHUX iMeH: dxdxP = AxP; AxVxP = VxP; Vx3xP = 3xP; VxVxP = VxP.

4. uctpuOyTUBHICTh KBaHTOPIB 1mo10 Vv Ta &: IxP v3IxQ = Ix (PvQ); VxP &VxQ = Vx (P&Q).

Hagenemo BinactiBocTi Jx, OB’ s13aHi 3 pEHOMIHALIIEIO; BIMOBIIHI BIACTHBOCTI VX 3aIUCYIOTHCS aHAJIOTIUHO.
R3R) R‘;‘,:; (3xP)=RZ(3xP).

Ren) 3yP =3zRJ(P) 3a ymoBH z HeicTOTHE JuIsl P — TIepeliMeHyBaHHS KBAHTOPHOTO iMEHi.

R3s) R (FyP)=FyRL(P) 3a ymoBH y & {V,X} — npocta (06Mesxkena) RI-muctpuGyTuBHicTs.

R3) RY(3yP)=3zRY o! (P) 3a ymoBu HeictoTHe 1ist P Ta z ¢ {v,X} — RI-1ucTpuby THBHICTS.

Jnst onmcy BiacTHBOCTEH esiMiHalii KBaHTOPIB BUKOPHUCTOBYIOTH [6] criemialibHi HpeauKatu-inaukaropu Ez

HasIBHOCTI B JaHWX KOMIIOHEHTH 3 BiANoBigHUM z€ V. Ha piBHi GND-npenukaris Taki £z 3a71a€M0O HaCTYITHUM YHHOM:
T(Ez) = {d|d(z)\}, F(Ez)={d|d(z)T}, L(Ez)=.
TakuMm YMHOM, IpeIUKATH-IHANKATOPU £z TOTabHI Ta OHO3HAYHI, BOHU € TS-TIpeIuKaTaMH.
Teepmxenns 8. /1yt koxxunoro 3€PrGy 4: L(SVEzZ) = L(9)NF(Ez) = L(9); L(O&Ez) = L(O)NT(Ez)c L(9)};
L(OVEZ)UT(SVEZ) = L(S)VT(S)UT(Ez) 2 LOHVT(Y); L(S&EZ)UF(S&EzZ) = L(8)VF(S)VF(Ez) 2 L(S)VF(I).

Kommosuii —, v, RY, 3x — 11e 6a30Bi KOMIIO3HIIiT YHCTUX MEPUIONOPSIKOBUX JIOTiKk GND-TpeIuKaTiB.

3. Kommno3uuiiini anreopu GND-npeaukaris

Komnozunitiny anredpy AQGy 4 = (PrGy_4, CO), ne CO = {—, v, R; dx} — MHOXKMHA 0a30BUX KOMITO3HIIIH,
HA3BEMO YUCMOK NEPUIONOPsOK060i0 aneedbpoio GND-npedurkamis.

Komnosuuiiiny anredpy ARGy 4= (PrGy 4, CR), ne CR={—=,v,R.} — MHOKMHA 6a30BHX KOMIIO3MIIiH,
Ha3BEMO peHoMinamuenoio aneeopoio GND-npeduxamis, abo ancebpoio GND-npeduxamie penoMiHamueHo20 pieHsi.

Komnosuuiiiny anrebpy APGy 4 = (PrGy4, CP), ne CP = {—, v} — MHOXXHHa 0a30BMX KOMIIO3MIiH, Ha3BEMO
nponouyiinoio areeopoio GND-npeduxamis, abo areeoporo GND-npedukamis npono3uyiunoco pis.

3B’s130k GND-npenukariB Ta 7-3HAYHUX TOTAJIBHUX JETEPMIHOBaHMX NpeauKaTiB, ado 7TD7-npenuxaris,
nociimkeno B [10]. Onucano Hu3ky miganreop anreopu APGy. 4, IHAYKOBaHUX miganreopamu anreopu 7D7-npeaukaris
ATD7y 4 = (PrTD7y 4, {—, V+}). Li miganreOpu B CBOIO 4epry iHAYKYIOTbCS BIAMOBITHUMH MifanreOpamu anreopu
icrunHicHuX 3Ha4enb ATV, = (TV;, {—u, vi}), ne TV, = {1, T, F, TF, T1, F1, TF1}.
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Ionionum ymHOM mimanreOpu anredpu ATV, HAYKYIOTh BIANOBIAHI MifanreOpu pEeHOMIHATHBHOI anreOpu
ARGy 4 Ta miganreOpu nepronopsakoBoi anredbpu A0Gy 4. Ha3zeu takux miganreOp ¢opmMyeMo i3 BKa3iBKH piBHS
po3riany Ta Ha3BH kiacy GND-nipemukatis. Hanpukian, A0SGy 4 — anrebpa SG-mipequkartiB KBAHTOPHOTO PiBHS.

Komnosuiii —. Ta Vv, 1y1s 7-3HaYHuX NpeAnKaTiB 3a1at0Thes [ 10] 32 1omoMororo Tadiuib icTHHHOCTI (Tabm. 1, 2).

Tabmuus 1. KoMmmosutust —.

P T | F |TF |1t | Tt |Ft | TF
P | F | T |TF |1t | Ft | TV |TF

Taomuus 2. KoMmosuiis V.

Vi T F TF Tt FT | TFT
T T T T T T T T
F T F TF Tt FT | TFT
TF | T | TF | TF | Tt | Tt | TF1 | TF?
T T 1 71 T T VA
71 | m T ||| mn VA
F1 T\ Ft |TFT | 1 | Tt | FT | TF1
TFtT | T | TFt | TFt | Tt | T | TF? | TF1

[MoxinHi KOMIO3MLIT —+ Ta &, BUPAKAIOTECS Yepe3 —. Ta Vi : P—>,. 0 =—-PVv,Q; P&, Q= —.(—P V. Q).
3B’s130k anredp ATV, ta APGy._4 BcraHoBroeThes [10] Tak. HasiBHICTh TIEBHOTO ICTUHHICHOTO 3HaueHHs L B TV
03Hayvae, 10 iCHYITh npeaukatr Pe PrGy 4 Ta de "4 Ttaki, mo veP[d].

st onucy ninanredp ATV, Buaineno [10] yci niAMHOKUHE MHOXUHU TV7, 3aMKHEHI IOJO0 {—., Vs }:

6-enemenrri TV, ;= {1, T,F, Tt F1, TF1} ta TVs ,={ T, F, TF, TT1, F1, TF1};

S-enementsi TVs ;={1, T, F, T, F1}, TVs ,={T, F, T1, F1, TF1}, TV; ;= {1, T1, F1, TF, TF1};
4-enementHi TV, ;= {T, F, T1, F1}, TV, ,={T,F, TF, TF1}, TV, ;={TF, T1, FY, TF1}; TV, , = {1, T1, F1, TF1};
3-enementni TV; ;= {T, F, 1}, TV ;= {T, F, TF}, TV; 3= {T, F, TF1}, TV; 4= {T1, F1, TF1}, TV; 5= {1, T1, F1};

2-enementHi TV, ;= {T, F}, TV, ,={T1, F1}, TV, ;= {TF, TF1};

1-enemMeHTHI TV171 = {T}, TV172 = {TF}, TV173 = {TFT}

i migmuoxunn TV, , 3anaroth BignosiaHi ninanreépu A7V, , anredbpu ATV, Jani ui niganre6py iHIyKYyIOTh
BIOBIIHI mifanreopu anreopu ATD7). 4, AKi B CBOIO YEPry IHAYKYIOTh HACTYIHI miganreopu anreopu AQGy 4 :

AQAUy. 4, AQTGy-4;

AQSGy 4, AQTAUy 4, AQImGYy y;
AQTSGy 4, AQTUAy 4, AQTIMmGyy, AQTIG . 4;
AQPy 4, AQTy 4, AQTU-A y 4, AQTTIGy 4, AQSTIG 4;
AQTSy 4, AQTSTIGy 4, AQTAMGy4;

AQLy 4, AQYy 4, AQY Ly 4.
IMipanredpu ATV, , NOAIOHMM YUHOM iHAYKYIOTb BilNOBiHI Mmiganredpu anredopu APGy. 4 Ta anredpu ARGy 4:
He Bci omucani kinacu GND-nipeluKariB 3aMKHEHI 10JI0 BBelIeHOI Buiine kommosuiii v. Ile, 30kpema, Kiac
R-npeaukariB Ta cneuudiuni knacu nU_A-npenukarti, AnU-tipenukatis, TnU_A-npeaukariB, TAnU-tnipenukaris. 1um
Kj1acaMm 3icTaBiieHo Kiaacu TD7-npeauKartiB, Ui SKUX MHOXMHAMM iCTUTHHICHHMX 3HaueHb € BiamosigHo {7, F, T, TF},
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{1, T, F1,TF}, {T, F, 1, T, F1, TF}, {T1, F1, TF}, {T, F, T1, F1, TF}; ui MHOXXHHH HE3aMKHEHI 11010 V .
OnumiemMo BiTHOMEHHS MK BHIIJICHUMH MTiganreopamu anredopu AQGy. 4.

[Mumemo A < B, sixiio A € migaiaredporo B. Te, o anredpu A ta B i3oMopdHi, mo3Hayaemo 4 ~;, B.

Teopema 5. MaeMo HacTyITHI CIIBBIIHOIICHHS:

AQAU,_,, AQTG,_, < AQG,_,;
AQSG, ,, AQTAU, , < AQAU, ,; AQTAU, , < AQTG, ,; AQImG, , < AQG, ,; AQSG, , ~. AQTAU, ,;

AQTSG, , < AQSG, _,, AQTAU, ,; AQTUA, ,, AQTImG, ,< AQTG, ,; AQTIG, ,< AQAU, ,;
AQTIG,_,, AQTImG,_, < AQImG,_,;

AQF, , < AO0SG,_,; AQT, ,, AOQTU_A4, , < AQTUA, ,; AQTTIG,_,, AQTU_A4, , < AQTAU,_,;
AQTTIG, , = AQTImG,_,, AQTIG, _,; AQSTIG, , < AQSG,_,, AQTIG, ,;
AQPV—A iz AQTV—A iz AQTU:AV—A ~iz AQTTIGV—A ~i AQST[GV—A;

L iz

AQTS, , < AQP, ,, AQT, ,, AQTSG, ,, AQTU_4, _,: AQTSTIG, , < AQTTIG, ,, AQSTIG, ,, AQTSG, ,;
AQTAmG,_, < AQTUA, _,, AQTImG,_,; AQTS, _, ~. AQTSTIG, ,:

AQ L, < AQP, ,, AOSTIG, ,; AOY, , < AQTAmG,_,, AQT, ,:
AQY 1, < AQTAmG,_,, AOTU_AG,_,, AQTTIG, ,; AQ L, ,~. AOY, , ~. AOY L, ,.

iz

Yucra nepmonopsakosa aiaredpa R-npenukariB AQR) 4 He iHIyKOBaHa )KOJHOIO Mifanredporo anredpu 775, ane
BOHa € grr1adenusm B anredopu AQImGy 4 ta AQAUy 4; npu ubomy AQRy 4~ AQTIGy 4.

AHaJOTIYHI BiTHOIIICHHS € MiXk Bi{OBiTHIUMH Tifnanreopamu anredpu APGy 4 Ta anreopu ARGy 4.

Buninenum mimanrebpam anredpu ATV7 BINMOBINAIOTH cuwreyisapui anredpu GND-mpenukartiB, HOCIT SKHX

CKJIajieHi 3 KoHcTanTHUX npeaukaris T, F, L, T - F X, Y. 3okpema, e 1-ereMeHTHI anreOpu 19, . Y%, ., Y1, ,.

4. MoBM 4HCTHX NEPIIONOPAIKOBHX JIOTik GND-npegukatiB

MoBH YHCTHX MEPHIONOPSAAKOBUX JIOTIK GND-IIpeAnKaTiB i3 CHHTAKCHYHOTO MOTJISLY 1IeHTHYHI BitoMuM [2, 3]
moam YKHJI. Andasit moBu: MHOXUHU Cs = {—|,v,R}7 ,3dx} cuMBOJIIB 0a30BHX KOMITO3UIIii; MHOKHHA V IPEIMETHUX
iMeH (3MIHHHX), B IKil BUAIICHa MHOXHHA U C V' TOTaJIbHO HEICTOTHHUX IMEH; MHOXKHHA Ps MPeIUKaTHUX CHMBOJIIB.

Busnauenns muoxunu Fr popmyn: Psc Fr; ©,YeFr = —®,vOY, R;CD, IxdefFr.

st 3anucy GopMyst BUKOPHCTOBYEMO TipedikcHy Gopmy 3amucy. [l 3py4HOCTI BXKUBAEMO [2] CKOPOYCHHS
(dhopMyII, KOPHCTYIOUHCH CHMBOJIAMH IOXiTHUX KOMITO3UIINA Ta iH(IKCHOIO QOopMOI0 3amucy i OiHapHHUX
KOMIIO3HIIiii.

B morini GND-npenukaTiB Kiac iHTEepPHpeTaIifi iCTOTHO IIMPIIMKA MOPIBHSIHHO 3 JIOTIKOIO R-TIPEINKAaTiB.
IntepnperyeMo MOBY Ha Kommosuuiiinux cucremax surisiny CS = (4, PrGy 4, CQ). CumBonu Cs NO3HAYalOTh
BI/IMTOBITHI KOMIIO3UIIi1, iMeHA x € J — emeMeHTH MHOXUHU A. CumBoin Ps nmo3HadaroTs 0a3oBi npeaukaTt B PrGy. 4,
JUIs HOTO OTMHKCY 3aJlaMO TOTalIbHE OJHO3HA4HE BifoOpaxkeHHs [ :Ps® PrGy 4, sike poO3IIUPUMO O BiOOpaXKeHHs

inTepnperauii Gopmyn [ : Fr ® PrGy 4 tak:
I(—®) = =(I(D)), I(vOY)=v((D), [(¥)), [(R.D)=RI(I(D)); I(FxD)=Tx(I(D)).

Tpitiku J = (CS, X, I) — e inmepnpemayii mosu curnarypu 2 = (V, U, Cs, Ps). CkopoueHo ix mo3Havyaemo (4, 1).

[Mpenukat J(®@) — 3nauenus popmynu O npu inTepnperanii J — nozHauumo O,

Buninennst kmacie GND-mpeaukaTiB Ta BiAmoBigHux miganreOp anreopu AQGy , BUIUILE KJIacu
iaTeprpetaniii GND-npenukariB. ToMmy MaeMo 3araibHUN kiaac G-iHTeprpeTariii Ta HU3KY MiAKIaciB BOTO KJacy.
Taxi kiacu iHTeprperaliii Ha3UBalTh CEMAaHTHKaMU. TaKUM YMHOM, MOYKHAa TOBOPUTH PO 3aranbHy G-CEMaHTHKY
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Ta, 30kpeMa, npo cemantuku AU, TG, SG, TAU, ImG, TSG, TAU, TImG, TIG, P, T, TU_A, TTIG, STIG, TS,
TSTIG, TAmG.

Bimomy R-cemaHTHKYy MOXXHa TpPaKTyBaTH sK “BKiajgeHHs B (G-ceMaHTHKy. SIkmio “abctparyBatuch” Bif
oOiacTeii HEBM3HAYEHOCTI MpEIWKaTIB, SBHO iX HE BUAUIMIOYM, TO BIJACTHBOCTI R-IpEIUKaTiB aHaJOTidHi
BrnactuBoctssM T/G-mnpenukatiB, 1o 3acBiguye izomopdizm anredbp AQR, 4 1a AQTIGy 4. Ilpu ubomy s
TIG-npemukariB L(P)="4, a ans R-npeaukariz L (P)=T(P)U F(P). B 060x Bunaakax o61acTh HeBH3HAYEHOCTI
OKpeMOi poIti He Tpae.

Jloriku *-mpennuKaTiB Ha3BEMO JIOTIKaMH 3 *-CEMaHTHKOIO (* — OJJMH 3 BU3HAYCHUX BHUIIIE KJIACiB MIPEIUKATIB).

Jaiti 30cepequMocst Ha BUBYCHHI 3aTabHOTO KIIACY JIOTIK i3 G-CEMaHTHKOIO Ta JIOTIK i3 SG-CEMaHTHKOIO.

BigHomenHs norivHoro Haciinky B yioriui GND-npenukartis onucane B [10]. Haragaemo BinnoBiiHi BU3HaUYEHHSI.

Binnomenns G-HacmiIKy ,|=¢ s qBox Gopmyl npu ¢ikcoBaHii iHTepmperaii J 3a1aeMo Tak:

D =¥ & (@) T(¥Y,) ta F(¥) S F(®) ta (D) L(Y)UT(Y) Ta L(Y,) < (D) F(D,).

Hedopmansuo te, mo W, € macmiakom @; o3Hagae: mpu mepexomi Big ®; no VW, iCTHHHICTE MOXKE JIHIIE
30UTBIIMTHCS, @ XWUOHICTH JIMILE 3MEHIIMTUCS, HEBM3HAYCHICTh MEPEXOJUTh Yy HEBHU3HA4YEHICTh ab0 ICTHUHHICTh, Y
HEBH3HAYCHICTh IIEPEXOIUTh HEBU3HAUCHICTh 400 XHOHICTb.

BigHomrenns norigHoro G-HacmiaKy |[=¢ Bu3HadaeMo Tak: @ |=¢'P, axmo @ j|=¢ V¥ misa koxxHOi iHTepnpeTanii J.

BinnomenHns norivnoro SG-HaCIiaKy SG|:G 3amaeMo Tak: O SG|:G WY, sxmo @ j|=¢ ¥ ans koxuoi JESG.

Binsomenns J|=; pedrekcusre it Tpansutushe [10]. Tomy |=¢ Ta °|=; Tex pedexcupHi it TpaH3HTHBHI.

Jis BigHOMIEHHS J|=¢ cripaBmkyeThes [10] 3akoH koHTpanosutii: @ j=¢ ¥ < -V j=¢—®. 3Bincu:

Teepukennn 9. O =¥ < -V |=;—@; O=;¥ < ¥ |=; 0.
Binnomenns G-ekBiBaJIeHTHOCTI nipu iHTepnpeTanii J BusHavaemo Tak: © j~q ¥, sxmo @ j|=¢ ¥ ta ¥ j|=; ©.
Binnomenns norivHoi G-eKBiBaJIeHTHOCTI BU3Ha4aeMO Tak: @ ~g'P, axmo @ |=¢'¥ t1a ¥ |=¢ D.

Biasowenus norianoi SG-ekBiBaneHTHOCT] BusHauaemo Tak: @ S~ W, sxmo @ SG|=G ¥ ta ¥ SG|=G D.
Teepmkenns 10. ® ~; ¥ < O ~;¥ o koxHOi iHTepnperarnii J; © 56 & @~ ¥ s kokHoi JeSG.

Just noriku GND-npenukatis ymoBa @ ~; 3 He o3Hauae noBHy 301KHicTh npenukariB @, ta 3. Cripasai, SKIIO
D ~c93, o T(D)) = T(9,) ta F(D,)) = F(3,), noznaunmo i muoxunu sik T Tta F. [Ipu upomy L(Dy) Ta L(9,) MoxyTh
BimpizasaTucsa, npore [10] mume B TNF. Ipuxmag takoi Biaminaocti — L(®)) ta L(D,;& VY,V D). Ilpu mpomy
O = &Y v D Ta O ~; (DVY) & O (muB. [10]). BogHowac curtyartiss HOpMai3y€eThes IS JOTiKH SG-IIPeTUKaTIB.

Jlnst SG-npenmkartis 3asxmu T(D,) N F(D)) = &, Tomy @ *~; 9 03Hauae nosmy 36ixHicTs Mpeukariz @, ta 9.

B [10] mokxa3zaHo MOHOTOHHICTH BiHOMICHHS J|=¢: @ J=¢ 3 = D&A = SVB.

3BizcH MOHOTOHHICTB BigHOMmEHD |=; Ta *’|=;: @ |=;9 = D&A |=¢ IVB; O =;9 = OP&A |=; 9vB.

Teopema 6 (exBiBaneHTHOCTI). Hexait @' orpumana 3 @ 3amiHOIO Aeskux BXOMKEHb Dy,..., D, HA Vy,..., V).
1) SIkmo @, ~g ¥, ..., @y~ P, T0 @ ~c D" 2) Sxmo @, ~g ¥, ..., D, ~;W¥,, T0 O ~p @',

JJis BiTHONICHHS ;|=; BUKOHYIOTHCS BJIACTUBOCTI JIEKOMITO3UIIT popmy (muB. [10]):

AvB J|:G(D = AJ|:G® Ta BJ|:G (D, DJ|:G —|(PVQ) = DJ|:G —P Ta DJ|:G —|Q

3BiZICH BHILIMBAIOTH AHATIOTIYHI BIACTHBOCTI JUIS BiTHOLIEHB JIOMYHOTO HACTIAKY [=¢ Ta *’|=;.

OmnuIIeMO yMOBH rapaHTOBAHOI HASBHOCTI JIOMYHOTO HACIIAKY JUTS BiHOLICHD [=¢ Ta “C|]= .

Teopema 7. [t noBinbauX Gopmyn @, A, B maemo P&A |=; DVB ta O&A “|=; DVB.

Teopema 8. /s 1oBinbHEX popmyn ®, ¥ maemo D&—D *|=; Pv—¥.
Hns koxxHoro SG-npenukara P maemo T(P)NF(P)=. Tomy mis noBineHux ¢opmyn @, ¥ ta JeSG maemo
TM(P&—D) c T(Yv—-Y)) ta F(YVv-Y,)) c F(O&—D,). L-ymoBa miiss @&—D j|=; VVv—Y BUKOHYeTHCS TapaHTOBAHO:
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J_(q)&ﬁq)_/) c J_(\PV—|\P_/) o T(lIIVﬁ\P‘]) = J_(\PJ) & T(\PJ) o F(lP J) = VA

5. BigHOLIEHHS JIOTIYHOI 0 HACTIAKY 1JI1 MHOKHH (hOpMYJT

Hexait I'c Fr, Ac Fr. Beenemo mosnauennst (| I'(®,) sx 7°(,), N F(¥,) s« F"(4,), UT(¥,) sk
YeA YeA

del’

T"(A)), U F(®,) ax F(I,)), U N a,(®;),) ax L°(T,), U N B, ((F),) ax L7 (4)).
del’ o —ue 7 um L, D;el’ B; —ueFBqn 1, N Y eA
Xo4 ofiHe o — 1e L xo4 oftHe B; — 1e

3amictp {I", @}, Oyaemo Takox ckopoueHo nucatu [, O,.

Ymoga (G) Ta TBepIUKEHHS 5 1 6 CTOCOBHO MHOKHH (DOPMYJT Y3araibHIOETHCS TaK.

Teepmxenns 11 (ymoBa Gg). Hexait ¢popmynn MHOXHHU [ TpakTyeMO sSIK TIO€THAHI KOH FOHKIII€I0, a GOpPMYIH
MHOKHIHH A — siK roennani au3’toukmiero. Toxi 7)) U FY(T)w LNT) ="4 ta T'(A) UFA) U LY (A)="A.

Teepaxennst 12. Hexaii ¢opmymun muoxuan {I, ®} TpakTyeMo sK TO€IHAHI KOH IOHKII€IO, a (OPMYIIH

MHOXHHH {A, W'} — gk noenHaHi 1n3’roHKLiE0. Toxni:

—T\T,®)) = Ty Ty; F'(T D))= FrUFy; T'(A,W)) = TaUTy; FN(A,)) = FanFy;

- 1T, @) = (LrnLo)U(TrnLe)I(LrnTo); LA Y) = (Lan L) U(F AN Le) A LanFy);
—LAYP)H)UT(AY)) = LauT\uLlyUTy; LAY ) UFNA, YY) = (LAVF )N Ly UFy);
— 1IN, @) U TN, @) = (LruT)N(LoUTs); AINC, @) U F (T, @) = L UFrULpUFg.

Tyt i gami 6ymemo nosuauatu T () s Tr, TV (A)) sk Ty, FY (L)) sk Fr, F (Ay) sk Fa, L7(T)) six L, LY(A)) sk Ly;

s popmyn BBogumo mo3HaueHHs 1(9)) gk Ty, F(9)) sx Fy, L(9)) sk Lg (iHTeprperarito J BBaykaeMo 3a(iKCOBaHO0).

Teopema 9. 1) L'(A) U T (A) = U T(¥,) U U L(¥,): 2) L(A)UF(A) = U F(¥,)u U L(¥,).

Teopema 10BOANUTHCS IHAYKIIEIO 32 KUIBKICTIO (POPMYIT MHOKHHH A.

A € G-nacnigkom I ipu J (103H. T |=¢ A), sixmo:
]-V\(FJ) c TV(AJ), FA(AJ) gFV(FJ), J_/\(FJ) c J_V(AJ) |\ TV(AJ), J_V(AJ) c J_A(FJ) |\ PN(FJ)
BifHOMEHH S IOr4HOT0 HACTIAKY [=¢ Ta *’|=¢ ams MHOXHH (OPMyIT BH3HAYAEMO TAK:

I'|=6A, sxmo I' |=¢ A nns koxHOI iHTeprnpeTanii J; rs G|:G A, sxmo I jJ=¢ A s xoxHoi JeSG.
Teopema 10. Bignowmenns J|=g, |=¢, *’|=¢ w1 maoxun popmyn pebnexcusni: I |=¢T, ['|=cT, T *=;T.

Teopema 11. BinnomenHs j|=¢ 171 MHOXUH Gopmyr MOHOTOHHE: [ |=¢A = [, D J|=¢A, Y.

Juis mepeBipku yMOB 1S L -007acTeit BAKOPHCTOBYEMO TBEPIKEHHS 12.
Hacuainok 1. BigHowenns |=¢ ta SG|=G MoHOTOHHI: ['|[=¢A =T, O |=cA,Y¥; T SG|=GA =IO SG|=G AW
Teopema 12.T j=cAVvO® Ta ® j~;3 =T =6 AVY; T&D J=cATa D ~;3 = &S J=GA.

HacJaigok 2 (TeopeMa 3aMiHH €KBiBaJCHTHHX JAJIS BiTHOMICHb |=g Ta SG|:G ).
1) F|:GA,(D Ta (DNGS‘ = F|:GA, 8, F,CD |:GA Ta(D~69 = F,S |:GA.

D) T%=6A, O Tad~;9 = T9=¢A, 9; T, 0C=;ATa ®~;9 = T, 95=;A.

Teopema 13 (rapanTtoBaHa HasBHICTE J|=¢). [, @ J=c A, ©.
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Hacuainok 3. [lyis noBinbhux I', AC Fr ta ®eFr maemo: I, O |=A, O; T, D SG|=G A, D.

TaK¥M YHHOM, HASBHICT BiJHOLICHHS |= rapaHTye HACTYIIHA BIACTHBICTH (TYT |= — [=¢ a60 *’|=7p):
C)D,I'|=A, D.
HasBHICTh BiTHOIICHHS JIOTIYHOTO HACTIJIKY |=77 JIOTIKHA R-TIpeNKAaTiB TeX rapanTye [3, 6] Bmactusicts C.

Teopema 14. JIns nosinsHux I', A € Fr ta ®, Y e Fr maemo: T, ®, -® SG|=G ALY, Y.
TakyM YHMHOM, HASIBHICTh BiJHOIIEHHS SG|=G JIOZIATKOBO TapaHTY€E TaKa BJIACTHBICTh:
N
CLR) ©,—®, T |=rr A, ¥, V.

Buactusicts CLR Takox rapantye [3, 6] HasBHICTb BifIHOIIEHHs *|=74 NOTiKH P-IpeIuKaTis.

Jlnst Bigwomens |=g ta *’|=; mans MHOXMH (OPMYT, MAEMO BIACTHBOCTI EKBIBAJICHTHHMX NepeTBOpeHb. Lle

BJIACTHBOCTI CIIPOILEHHS 30BHIIIHBOI PEHOMIHALIl Ta BIACTUBOCTI 3TOPTKH PEHOMiHANil 1 MPOHECEHHS peHOMiHail

yepe3 JIOTi4YHI 3B’A3KM Ta KBaHTOpH. Lli BiacTMBOCTI 0a3yroThCS Ha BIANOBITHMX BJIACTHBOCTSX KOMIIO3HUIIIN

GND-npenukaris: R, RI, RU (BnacruBocri crpoinenns); RR, R—, Rv, R3s, R3. Koxhna 3 HuX npoxykye (1pu upoMy

BHKOPHCTOBYETHCS TEOpEMa 3aMiHU €KBIBaJCHTHHX) 4 BiINOBITHI BIACTHBOCTI JJIS BIJHOIICHHS JIOTIYHOTO HACIIAKY

JUIsi MHOXHH (hopMyI1, Kosn BujiaeHa (opMylna yu 11 3anepeueHHs] 3HaXOAUThCS Y JIiBiM YW MpaBiil YacTHHI LLOTO

BITHOIIICHHS.

BIIaCTHBOCTI €KBIiBAJICHTHUX TIEPETBOPEHD JUIS BiIHOLICHD [=¢ Ta *’|=; aHATOriuHi BiAMOBIAHMM BIACTHBOCTSM

JUTA BiIHOIIEHHS [=77 (1uB. [6]). HaBemeMo [ist MpHKIaLy BIaCTHBOCTI, iHaykoBaHi Rv (|=— 1ie [=¢ um *’|=7p).
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Rvy) RI(@V V)T FAc RI(D)v R (P),T [FA;
Rvp) TERI(@VY),A ST =R(D)vRI(P)A;
—Rvp) =R (@ VY),T =A< (R (P)v Ry (P)),T[=A;
—RVR) T |=—RI (D v ¥),A & T'|=—(RL(®) v RL(P)),A.

OnuuremMo BIACTUBOCTI JEKOMITO3HILIIT (POPMYJI ISl BiTHOIIEHD JIOTIYHOTO HACIIAKY JUIS MHOXKHUH (HOPMYJI.
Teepmkenns 13. —— O, " J=cA < O, |=cgA; [ J=¢6——DP,A T jJJ=cD,A.

Hacainok 4. —®,T'|=A < O, T |=A; T|=——®,A ST =D, A (1y1 |=—1e |=¢ un *|=7p).
Teepaxenns 14. I |=c OVY, A S T J=c D, ¥, A; - O&-Y,[ |=6A & D, -, =6 A.

st koxHoi iHTeprperanii J maemo —(dvY), = (-d&—-Y),. 3igcu:

Teepmkenns 15. —-(OVY), I |=6A < P&V, T |=¢A < D, ¥, T =G A.

Hacaigok 5. T =DV, A < T=0, W, A; —(PVYP),T[FA < -0, -, T [=A (=—ue |=¢ un *“j=rp).
Teopema 15. OV, T J=cA < D, JJ=¢A 1a ¥,T J=cA;

[ =6 —(OVY),A < T J=¢—®,A ta T J=g—¥A.

IIpu noBenenHi TeopeMu 15 BUKOPHUCTOBYEMO TBEPKEHHS 5 Ta 12.

Hacainok 6. ', DVvW |FA < I,O|=gA 1a I,V |=GA;

[=—(PVvYP),A & I'=—®,A ta [|=—¥ A (1yT |=—|=¢ a60 *“|=7p).

Jis oTprMaHHS HACTIIKY 6 i3 TeopeMu 15 BUKOPHUCTOBYEMO TaKHil 3aKOH TPAIUIIIITHOT JIOTIKH:

VJ () = BW) = (VJ o) < VJB()) *)



I1iacyMOBYIOUH, MAEMO TaKi BIACTHBOCTI ekoMno3uii dopmyi (|= — ue [=¢ un *|=¢):
) —D, =A< O, T [FA.

—R) [FA,——D ST [FA .

vp) DWW, TFA O, TI=FATa W, T |=A.

VR T |FA, OVW < T =A O, W.

—vp) =(OVY), T |FA < =D, -V, T |=A.

—VR) '[FA, —(OVY) ST |=A, —D 1al |=A, Y.

S

TakuM 9MHOM, U BigHOmeHs |=¢ Ta *’j=; oTpuMaHO Tpammmiiini BractTHBOCTI mexommosuuii dopmym. Lli

BJIACTHBOCTI iICHTHUHI BIACTUBOCTAM JEKOMIIO3HILiT /s BigHOMmEHb \|=77 Ta ©|=77 noriku R-npenukaris (1us. [6]).
PosrisiHeMo Terep BJIaCTUBOCTI eliMiHaLlili KBaHTOPIB.

3a MOHOTOHHICTIO BIZHOIIICHHS J|=¢ (Teopema 11) Maemo:

Teepaxenns 16. Ey, [ jj=¢IxD,A = Ey, T jj=c IxD, R;<I>,A ; —dx®, —|Rj<I>, Ey,T J=¢A = —3xD,Ey, T =G A.

3BOpOTHI IMILTIKALI{ rapaHTye
TeopeMa 16. Ey, I J|:G E'X(D, R;(D, A= Ey, FJ|:G BX(D, A, —|E|X(D, ﬁR;(D, Ey, Fjl:GA = —|E|X(D, Ey, Fjl:G A.

JloBeneHHS MOJISITae B MEPEBIPI[i BUKOHAHHS BIAMOBIAHUX YMOB s T-obnacteid, F-o0Onacreit Ta L-obnacreid,
SIKi MafOTh BUKOHYBATHCS IJIS IIUX BiIHOMICHH =g . [lepeBipka ymoB s T-obmacteit Ta F-obmacteil Taka Xk, K DTS
BIJJHOILICHHS J|=7F JIOTiKM R-npenukaris. [Ipu nepeBipii ymMoB aist L -oGnacteii BAKOPUCTOBYIOTECS TBEPIDKEHHS 5, 7 Ta

12, a TakoX TBEP/PKEHHS 8 CTOCOBHO HPEINKATIB-IHIUKATOPIB E).
Teopema 17. 3x®, " J=GA & R D,Ez,T |=cA, nezefu(d,T,A);

I j=—3x®,A < EzT | |=, =R'®,A, ne zefiu(®,T,A).

IepeBipka BiamoBigHUX yMOB mjist 7T-oOmacteit Tta F-obnmacreil Taka K, sIK Ui BIJHOILIGHHS ,=7r JIOTIKH

R-tipeuxaris. [Tpu nepeBipii ymoB i L-o0macTeit BHKOPHUCTOBYIOTBCS TBEpIKEHHS 5, 7, 8 Ta 12.

3rigHo (*) i3 TBepaKenHs 15 Ta Teopem 16 i 17 MaeMo BacTHBOCTI enmimiHalii kBaHTOPiB (|= — e |=¢ un *°|=¢):

3) D, T|=A < R'D,Ez,T|=A, zefu(®,T, A);
—3) T |=—3x®,A < Ez,T |=—R'®,A, zefu(®,T, A);
Ivg) Ey,T'|=3x®, A < Ey, T |=3x®, R'D, A ;

—3v) ~3®, Ey, T [ A & —3xd, —R'®, Ey, |- A.

Bonwu iieHTHYHI BIACTUBOCTSM eJliMiHAIlii KBAHTOPIB JJIs BiTHOMICHb |=7 Ta P|:Tp JIOTiKK R-TipenuKaris [6].
PosrisiHemo BiacTUBOCTI £-po3mnoaiity Ta rnepBicHoro o3xadeHHs. I1pu 3ananiit J = (4, /) BOHM MalOTh BUTJISL
IEQ) T J=¢A < Ey,I" J=gATal J=cA,Ey;
[EV)T J|J=¢A < Ez,T jJ=¢A 3aymoBu zefu(l,A).
Hozuagaemo: TN(T)), TV(A), F¥'(T)), F\(A), LX), LY(A)) six Tr, T, Fr, Fa, Lr, La; T(Ey) six p¥, F(Ey) six yT.
Teepmxenns 17 (surumae 3 TBepmikensb 8 Ta 12). LN(Ey,T)=Lrnwd <l LY(Ey,A) = LanyT <y
LY(Ey, A)UT (Ey, A)) = LaU Ty Uy 2 LU Ty LN Ey, T)UF (Ey,T)) = Lr U FrUyT 2 Lr UFr.
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BuxopucroByroun TBeppkeHHS 17, mokazyemo st L-obmacteit B IEd: LrclyuTyta la,clrUFT <

< 1NEy,T)clyuTata Ly LN (Ey, T)UF(Ey,T))=1rUFr uyT

ta Lr < LY(Ey, A)UT (Ey,A) = Ly Taud ta LY(Ey, A) < Lr U Fy.

Teepmxenns 18. zefu(I', A) ta deS = nna Bcix aed maemo d|| .+ z — a €S; 1yt S —1e Tr, Ta, Fr, Fa, L1, La.
BuxopucroByroun TBeppkeHHS 17 Ta 18, mokazyemo, mo 3a ymou zefu(l', A) mst L-obmnacreii B IEv maemo:
lrclyuTytalaclrUFr < LN EzT)clauTata Lyc 1N(Ez, T )UF(Ez,T)) = LruFruzl.

3rigso (*) i3 IEd Ta IEv oTpuMyeMo BacTHBOCTI E-pO3IOJIiTy Ta MepBicHOro o3uaueHHs (|= — ue [=¢ @ *%j=¢):
ET'FAs Ey,T'|=ATal |=AEy.

Ev)I'[=A < Ez,T'|=A 3aymoBu zefu(l', A).

BoHH ileHTHYHI Bi/IOBIIHIM BJIACTHBOCTSM JUISl BIAHOLICHD =7z Ta | |=7p JOTiKH R-tipenukaris (auB. [6]).

BucHoBxku

JocnipkeHo ceMaHTHYHI acleKTH HOBOTO KJIacy MpPOTPaMHO-OPIEHTOBAHMX JIOTTYHHUX (hopMali3MiB — JIOTiK
3arajbHUX HEACTEPMIHOBAHMX KBaslapHMX NpeaukatiB, abo GND-npeaukari. Lli Jjoriku BimoOpaxarTh Taki
BJIACTUBOCTI MpOrpaM, sSIK 4aCTKOBICTh, HEAETEPMiHI3M, HedikcoBaHy apHicTb. GND-npeanukaTH € y3arajJbHEHHSIM
BIJJOMUX YaCTKOBUX HEOJHO3HAYHHUX MPEAMKATIB pessuiiHOro Tuiy. BuaineHo Hu3Ky pisHoBHAIB GND-npenukaris,
PO3TJISIHYTO BJIACTHMBOCTI IX KOMIIO3MLIH, OMKMCaHO KOMNO3MLiNHI anreOpu. [lokazaHo 3B'si30k GND-npenukaris i3
7-3HAYHUMHU TOTAJIBHUMH JETEPMiHOBAaHMMH TNpeaukartamu. ONHUCAaHO MOBH YHCTHX HEPIIONOPSIKOBHX JIOTIK
GND-npenukariB. JIOCHiPKEHO BiJHOIIEHHS JIOTIYHOTO HACHiAKY AJISi MHOXHH (Gopmyi. BusHaueHO BigHOIIEHHS
G-nacnigky, Joriunux G-Hacniaky Tta SG-Haciligky, ONHMCAaHO iX BiacTHUBOCTI. JloCHikeHO BIACTHBOCTI
nexommo3umii gopmyn Ta emiMiHamii kBaHTOpiB. Ha it cemMaHTW4YHIH OCHOBI mns norik GND-mpenukartiB
IUTAaHYETHCS MOOYA0BA YHCIICHb CEKBEHLITHOTO THITY.
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